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Anuran and Tree Community Structure of 
Cypress Domes in Tampa, Florida, Relative to 
Time Since Incorporation Within the Urban Landscape 
 
Christopher Haggerty 
 
ABSTRACT 
 
Wetlands in densely urbanized landscapes display altered physical, chemical, and 
biological features; however, long term trends in these are poorly known. The purpose of 
this study was to determine if biological, physical, and chemical changes in isolated 
cypress domes are related to time since incorporation within an urban landscape.  Sixteen 
cypress domes in Tampa, Florida were placed into four decadal age groups based on 
construction date of residential homes within 200 m of wetland edge, with multiples in 
each age group: 1970s, 1980s, 1990s, 2000s, and rural sites as regional controls.  Each 
site was visited monthly from July 2008 until July 2009.  Hylid treefrogs were monitored 
using PVC refugia and mating calls. Non-hylid anuran species were monitored using 
mating call surveys and pitfall traps.  Hydrology, pH, and conductivity were recorded, 
transects were made once at each site from wetland center to terrestrial edge in all four 
cardinal directions, and all trees > 8cm DBH were identified and measured for basal area.  
The dominant treefrog captured was the exotic O. septentrionalis, which was 
significantly more abundant in 1990s urban cypress domes than either rural sites or other 
urban decadal groups.  The number of both the exotic O. septentrionalis and the native H. 
cinerea were positively correlated to more recent decades of development surrounding 
 v 
wetlands.  H. squirella was detected at sites where O. septentrionalis was rare, and H. 
femoralis was found almost exclusively at rural sites.  Hydroperiods of all urban cypress 
domes were three times longer on average than rural sites, and conductivity was 
significantly elevated at all urban sites.  In cypress domes within the 1970s decade group, 
the relative abundance of Florida “facultative wet” tree species was greater than “obligate 
wet” tree species suggesting encroachment of Acer rubrum into cypress domes possibly 
due to decades of fire exclusion.  At these long isolated sites exotic plants such as Sapium 
sebiferum were most abundant.  Results indicate rapid changes in both physico-chemical 
characteristics and anuran composition, and long term effects of decreased treefrog 
abundance and altered tree community structure following incorporation within the urban 
landscape. 
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Introduction 
 
 Urban land use is increasingly fragmenting the natural landscape of Florida.  
During the mid 1970s-1980s, approximately 10,534 hectares of wetlands were lost per 
year (Frayer and Hefner, 1991), and between 1985-1996, approximately 2,023 hectares of 
wetlands were lost annually, with total area roughly cut in half since the late 1800s (Dahl, 
2005).  Most of these losses continue to be small geographically isolated wetlands, yet 
their contribution to regional anuran biodiversity is still not fully understood.   
Wetland regulations are biased toward small wetlands by assuming that they have 
water for a shorter hydroperiod, and fewer species than larger wetlands (Snodgrass et al., 
2000).  Hydroperiod may not be related to wetland size; however, and short hydroperiod 
wetlands support a diverse group of amphibians (Snodgrass et al., 2000; Babbitt and 
Tanner, 2000), many of which develop into adults in fewer than four months.  
Geographically isolated wetlands have no permanent surface water connection to other 
wetlands; however, they may be functionally connected via natural terrestrial corridors 
transversed by animals such as anurans.  Amphibian productivity from these wetlands 
potentially can transfer a great amount of energy from wetlands to uplands (Gibbons et 
al., 2006).   
Small wetlands can serve as urban biotic refugia, functioning within a larger 
overall metacommunity (Parris, 2006).  For example, toad populations fragmented by 
highways for two decades showed significantly decreased allelic richness, which, 
 2 
together with low population size due to road mortality, lead to  less genetic variation due 
to genetic drift and therefore increased risk of extinction (Lesbarrères et al., 2006).  
 Isolated wetlands such as cypress domes, though usually small, can be numerous 
enough to be the dominant wetland type aerially in a landscape.  Because small isolated 
wetlands tend to be scattered over landscapes, they increase both sources of prey for 
terrestrial species (Russell et al., 2002) and inter wetland connectivity for anuran species, 
as measured by distance to nearest wetland (Semlitsch and Bodie, 1998).     
Loss of connectivity hinders wetland management and restoration, because after 
re-establishing hydrology, natural colonization is hindered for many taxa (Seabloom and 
van der Walk, 2003).  With development of urban barriers such as roads, re-colonization 
is also reduced (Parris, 2006), and degraded conditions inside an isolated wetland may 
lead to gradual loss of species over time.  Urban wetlands are often subject to stormwater 
runoff and have a longer hydroperiod and higher pH than rural sites (Rubbo and 
Kiesecker, 2005).  Wetlands fed by surface water from urban areas tend to provide 
opportunities for invasive plants including increased distribution via runoff, elevated 
nutrients, and changes in sediment or substrate (Zedler and Suzanne, 2004). 
As urbanization increases, diversity and/or community composition of 
amphibians are reduced or altered, in some cases up to 90% (Rubbo and Kiesecker, 2005; 
Lehtinen et al., 1999).  The relative effects of forest cover and road density in an urban 
setting varies with species (Eigenbrod et al., 2008), but the general trend is for decreased 
anuran richness with increasing road density and/or decreasing forest cover (Lehtinen et 
al., 1999; Knutson et al., 1999; Parris, 2006; Findlay and Bourdages, 2000; Russell et al., 
2002).  Impacts of habitat loss and fragmentation on biotic components may not appear 
 3 
immediately, and for some taxa, may not reach their full extent for decades (Findlay and 
Bourdages 2000).  In a 30 year assessment of anuran populations, Gibbs et al. (2005) 
found that disappearance of two species was associated with elevated levels of urban 
development and suggested loss of individual species from any particular wetland may 
reflect dispersal interference after some threshold of upland loss to urbanization occurred. 
  Another impact of urbanization is spread of exotic, invasive species, whose 
establishment can change native communities.  Osteopilus septentrionalis, the Cuban 
treefrog, is an exotic that became established in Tampa in the 1990s and is invading 
wetlands across the state.  It is a strong competitor with native treefrogs, preying on them 
during both its larval and adult phases (Smith, 2005).  Adult O. septentrionalis prey on 
the smaller native treefrogs, while in the tadpole phase, its greater size allows it to 
outcompete other tadpoles and scavenge on the dead (Knight et al., 2009).  
All treefrog (hylid) species native to Tampa have been found in cypress domes, 
and many non-hylid anurans with larval development times longer than the typical 
cypress dome hydroperiod will occupy these isolated wetlands (Liner et al., 2008).  
Piacenza (2008) used PVC pipe sampling to compare hylid use of natural and urban 
habitats in Tampa and found that both native hylids H. cinerea and H. squirella were 
more abundant in urban habitats, and that, although the exotic species O. septentrionalis 
was present in all habitats, it was most abundant in urban areas.  Zacharow et al., (2003) 
suggested that H. squirella was more likely to occupy PVC refugia placed near buildings, 
which may provide retreats and opportunities to prey on insects attracted by lights outside 
homes (personal observation).  Delis et al. (1996) compared anuran species composition 
from 1974 with that of 1992 at wetlands in a still undeveloped region of Tampa and 
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found that all but one of 16 anuran species still occurred at the same sites 20 years later, 
but found differences in anuran richness and relative abundance existed between these 
wetlands surrounded by uplands and comparable wetlands in nearby urban areas.    
Potential long term temporal effects of urbanization on wetland species are poorly known 
but likely have important implications for environmental assessment.   
In the Florida Wetland Assessment Index for depressional forested wetlands, 
Reiss (2006) concluded that few tree species with the exception of Acer rubrum and the 
exotic, invasive Sapium sebiferum could be considered tolerant of urbanization, therein 
defined as being highly correlated to landscape development.  In urban habitats, minor 
changes either in average water level or variability can promote a shift from native 
wetland to invasive or terrestrial species of vegetation (Magee and Kentula, 2005), while 
major groundwater reduction surrounding municipal wellfields north of Tampa can also 
cause cypress tree mortality (South Florida Water Management District, 2005).    
Trees are often considered long term indicators of changes in wetland conditions, 
and there may be a considerable lag period before the full effect of urbanization is 
observed.  If vegetation or anuran species exhibit a lagged response to stress, this could 
pose a major obstacle to incorporating a temporal scale into short term wetland 
assessment because sampling while an ecosystem is returning to equilibrium or has not 
yet shown the full system response to stress would likely underestimate its effect (Findlay 
and Bourdages, 2000).  Key questions in this study included whether urban wetlands 
have a hydroperiod and/or physical-chemical variables distinct from rural systems, 
whether over time select anurans are lost through urban impacts, and if invasive species 
such as O. septentronalis will be most abundant in the most disturbed wetlands. 
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Methods 
 
Study Site 
This study included sixteen small, geographically isolated wetlands located in 
northern Hillsborough and southern Pasco Counties, Florida (Figure 1).  Initially, 
wetlands were identified using ESRI Arcmap software and GIS maps of the National 
Wetland Inventory of the US Fish and Wildlife Service (http://www.wetlands.fws.gov).  
Prospective sites were limited to forested wetlands (cypress dome) that were semi-
permanently flooded and approximately 4 hectares or less.  Such small wetlands, 
although isolated hydrologically, increase connectivity within the landscape and thus 
species dispersal (Semlitsch and Bodie, 1998) for amphibians (Russell et al., 2002) and 
macrophytes (Seabloom and van der Valk, 2003) among other biotic components.                             
Land Use 
Wetlands were selected based on age of surrounding residential homes to identify 
both four urban decadal categories (1970s, 1980s, 1990s, 2000s) and rural reference 
wetlands spatially separated from urban land use.  Replicate wetlands were selected 
within each of the five categories.  Age of urban encroachment was determined using a 
GIS parcel query system provided by the Hillsborough County property appraiser 
(http://www.hcpafl.org) and focused on a buffer of 200 m around wetlands.  Construction 
dates of twenty randomly selected buildings within 200 m of the wetland edge were 
determined to infer the decade of wetland incorporation within the urban landscape.   
 6 
To validate wetland assignment to appropriate decadal categories, additional land 
use analyses were performed to determine both the mode of all construction dates within 
200 m and the total area of all structures by decade within both 200 m and 500 m of each 
wetland (Table 1).   
Table 1. Land use analyses to determine decadal categories of development.  
 
Site 
Mode of 20 
random parcels 
within 200 m 
Area of all 
parcels within 
200 m 
Mode of all 
parcels within 
500 m 
Area of all 
parcels within 
500 m 
2000.5 2000 2000 2000 2000 
2000.6 2000 2000 2000 2000 
90.1 1990 1990 1990 1990 
90.12 1990 1990 1990 1990 
90.13 1990 1990 1990 1990 
90.14 1990 1990 1990 1990 
80.7 1980 1980 1980 1980 
80.13 1980 1990 1990 1980 
80.17 1980 1980 1980 1980 
70.9 1970 1980 1970 1970 
70.8 1970 1980 1970 1970 
70.1 1970 1970 1970 1970 
 
Data for determining decadal categories came from University of Florida Geoplan 
Center’s “Parcels Dissolved by Decade of Actual Year Built – FDOT District 5” 
published in 2009 (http://www.fgdl.org).  Differences in decadal categories between land 
use analyses (Table 1) were minor, and therefore, the original wetland categories 
obtained by randomly selecting 20 parcels within 200 m were retained (Figure 1).  For 
land use within 200 m of study sites, data from the Southwest Water Management 
District’s Hillsborough County “Land Use 2000” (http://www.fgdl.org) were used to find 
areas of three categories: wetland, urban, and agricultural/non-wetland.   
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Figure 1. Study area showing the 14 urban and 4 rural wetlands. 
 
Terrestrial forests surrounding wetlands are core habitats for semi-aquatic species 
such as amphibians, and likely extend hundreds of meters landward (Semlitsch and 
Bodie, 2003).  Urban land use can remove or diminish upland habitat, and therefore 
connectivity of geographically isolated wetlands, while structures such as homes or 
fences can isolate wetlands completely (Figure 2A/B).  Amphibian species richness 
should relate positively to wetland connectivity and lack of proximal urban use even at a 
landscape scale (Knutson et al., 1999).  Decreasing forest cover within even a 2 km area 
of a wetland can yield measurable changes in species abundances (Findlay and 
Bourdages, 2000). 
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Figure 2A. Site 90.1 during the 1930s. 
 
 
Figure 2B. Site 90.1 during the mid 2000s.  
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Hydrology 
Hydrology is a key factor for cypress domes because multiple low water years can 
result in increased upland species, while long periods of high water years can limit 
cypress germination (Myers and Ewel, 1990).  In addition, anurans are adapted to a 
hydroperiod specific to their larval development length, and some species are highly 
vulnerable to fish or insect predators that often are more abundant with water 
permanence.  Three staff gauges per wetland, visited monthly, were used to record 
hydroperiods.  Many rural cypress domes in Hillsborough County, including the 
reference domes of this study, are located in proximity to groundwater well fields that 
can drawdown the water level in nearby wetlands.  Rochow (1991) found that if subject 
to drawdown, cypress domes in the same area can vary widely in hydroperiod depending 
on presence of a confining layer below them – in some cases such cypress domes can be 
dry for several years.   
Physical/Chemical Parameters 
Physical and chemical parameters were recorded monthly using a Sonde 6290 V2 
and YSI 650 MDS display-datalogger, and if standing water was present, the following 
parameters were recorded:  pH, temperature, dissolved oxygen, and conductivity.   
Biological Parameters 
The following data were supported by chemical and physical data and used to 
compare urban wetlands with reference wetlands.   
Vegetation  
Sampling followed the protocol of the Florida Wetland Condition Index (Reiss, 
2006).  From the center point of each wetland to the terrestrial edge, transect lines were 
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established in all cardinal directions (N,S,E,W).  Along each transect line, in 10 m X 10 
m quadrats, all trees with DBH ≥ 8 cm were identified and measured for diameter at 
breast height (DBH).  Because cypress domes in this study varied in size, a measure of 
relative distance was needed to compare tree composition from wetland center to edge.  
To do this, the length (meters) of each plot in cardinal direction X was divided by the 
total length of all plots in that direction.  This was done for all four transects at all sites 
such that the distance of trees from the wetland center would not be affected by shape or 
shape of the cypress dome.  Long term data for Tampa (Rochow, 1991) suggest that 
abbreviated hydroperiod due to nearby well fields can weaken or kill cypress trees, 
therefore leaning or fallen trees were recorded as “snags” if they originated within a plot.   
Anurans   
Methods to survey anurans vary (Heyer, 1994), and some combination of methods 
is likely most effective i.e. use of auditory call monitoring in combination with trapping 
or PVC refuge (Gunzburger, 2007).  In this study, auditory call monitoring was combined 
with PVC refugia.  Call surveys were done for individual wetlands at night following rain 
within the previous 24 hours.  Six PVC pipes 6 cm in diameter and 1 m tall were tied 
vertically to trees at ground level at each wetland as artificial refugia to capture tree frogs 
using the microhabitat of PVC refuge during the day (Boughton and Stanger, 2000).  
Pipes were visited during the day monthly from June 2008 until July 2009.  Treefrogs 
were removed, identified, and released outside the pipe.  Sampling bias was avoided by 
selection of a pipe diameter to avoid excluding frogs of a particular size (Zacharow et al., 
2003).   Pipe design, diameter, placement, time of year, and weather affect species 
occupancy (Boughton and Stanger, 2000); however, hylids should be detectable year 
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round (Zacharow, 2003).  It is not known whether O. septentrionalis affects detection of 
native hylids using PVC refuge.  Although Hoffman (2007) suggested that O. 
septentrionalis may have no effect on detection of native species, large O. septentrionalis 
will eat both native hylids and conspecifics (Wyatt et al., 2004). 
Other potential biases that affect equal catchability of species were minimized by 
sampling wetlands of the same type in the same region with replication (Delis et al., 
1996).  Sampling replication of monthly visits to each site was used to reduce effects that 
weather variables may have on amphibian activity (Heyer, 1994).  In addition, 7 m long 
pitfall fences were used on select wetlands during April – June 2009 to capture toad 
species that cannot be sampled with PVC methods.  Pitfalls were checked every three 
days, and if rainfall occurred, were checked the following day. 
Data Analysis   
All data analysis was performed using the statistics package SPSS version 17.   
Due to small sample size in this study, data were either skewed, contained outliers, or 
after transformation did not follow a normal distribution; therefore, non-parametric 
statistics were used.  Although these tests have fewer assumptions, they are not as strong 
at detecting significant differences or relationships as parametric alternatives (Pallant, 
2005).  For contrasting urban and rural sites, the Mann-Whitney U Test was used and for 
differences among decades, a Kruskall-Wallis test was performed.  Repeated measures 
such as monthly treefrog abundances or water levels were compared across sites using 
the Friedman Test.  For association between two continuous variables, Spearman’s Rank 
Order Correlation was used. 
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Results and Discussion 
Land Use 
Over time, urban cypress domes of this study have progressively lost natural 
wetland and terrestrial habitats within 200 m as the upland developed (Table 2).   
From 1930 to 2007, the population of Hillsborough County grew from 153,519 to 1.2 
million (Forstall, 1995) and transformed most of what was previously a matrix of forest 
and agricultural habitat into a highly urbanized landscape with embedded fragmented 
patches of natural vegetation and wetlands.  Despite wide variation within decadal 
categories, the overall trend was decreased natural land cover, measured as either uplands 
or wetlands, with increasing time since wetland incorporation within the urban landscape.   
For 1970s wetlands, there currently is no intact terrestrial habitat within 200 m, and five 
times as much developed land as wetland remaining, including the area for each study 
site.  Surface area of roads was not considered separately but assumed to be proportional 
to residential land use.  Active home construction was not observed immediately 
surrounding any of the study sites.   
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In most cases, the perimeter of urban wetlands was completely surrounded by 
homes and roads, with little undeveloped upland remaining.  During site selection, some 
cypress domes were completely inaccessible due to a barrier of homes and fences, and 
one potential 1980s site had a wall of continuous houses with privacy fences extending 
around its entire border.  Constructed ponds or other storm water retention areas within 
200 m were a ubiquitous feature of all urban cypress domes of this study.  Some retained 
water nearly year round and served as refugia for fish that were observed entering nearby 
study sites once water level permitted.   
Hydrology 
Rainfall in Florida is highly seasonal with 75% of the annual total between June 
and September.  Water level in cypress domes reaches its minimum in May and early 
June just prior to the beginning of summer storms, after which water levels rise and peak 
in September (Lee et al., 2009).  In urban areas of Tampa, cypress domes often receive 
stormwater drainage from paved surfaces that extends hydroperiod (Reiss et al., 2009).  
Therefore, wetland size is not a good predictor of hydroperiod (Rubbo and Kiesecker, 
2005; Snodgrass et al., 2000).   
Hydroperiod at urban sites during the study was approximately three times longer 
than for rural sites, 6 and 2 months, respectively, and mean water level was significantly 
greater (p = 0.003) than rural sites during the early wet season from June – August 2009 
(Figure 3).  Monthly rainfall for Hillsborough County during the study period (Figure 3), 
available from the Southwest Florida Water Management District 
(http://swfwmd.state.fl.us) was below average during the first 9 months of the study and 
above average for May – August 2009.  Historic rainfall totals showed a three year 
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drought prior to and during the study, which may have contributed to shortened 
hydroperiod at rural sites (Table 3).   
Table 3. Average monthly water level (cm) for individual 
sites with wet season indicated by bold face. 
 
 
Site Month (Aug 2008 - Aug 2009) 
Name Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 
70.1 35 18 7 0 0 2 12 2 0 0 20 32 31 
70.9 28 4 11 0 0 0 13 0 0 0 13 12 18 
70.8 78 62 48 40 17 3 8 0 0 0 0 14 11 
Mean 47 28 22 13 6 2 11 1 0 0 11 20 20 
              
80.7 !A !A 0 0 0 0 0 0 0 0 0 16 22 
80.13 36 21 22 4 0 0 3 0 0 0 16 33 39 
80.17 37 23 21 4 0 0 7 0 0 0 12 31 31 
Mean 37 22 14 2 0 0 3 0 0 0 9 27 31 
              
90.1 !A 10 0 0 0 0 0 0 0 0 28 14 25 
90.12 5 0 3 0 0 0 0 0 0 0 3 24 24 
90.13 44 38 22 14 6 4 21 9 0 0 40 57 53 
90.14 53 32 25 12 6 1 21 12 0 0 30 35 26 
Mean 34 20 13 7 3 1 11 5 0 0 25 33 32 
              
2000.5 !A 38 26 23 5 0 9 0 0 0 44 56 75 
2000.6 20 9 0 0 0 0 0 0 0 0 17 46 49 
Mean 20 24 13 11 2 0 5 0 0 0 30 51 62 
              
Rural 3 44 11 0 0 0 0 0 0 0 0 0 0 0 
Rural 4 57 37 23 0 0 0 0 0 0 0 0 0 0 
Rural 5 0 0 0 0 0 0 0 0 0 0 0 0 0 
Rural 6 17 24 0 0 0 0 0 0 0 0 0 0 0 
Mean 29 18 6 0 0 0 0 0 0 0 0 0 0 
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Figure 3. Hydrology for urban versus rural sites and 
monthly rainfall for Hillsborough County. 
 
At least one wetland from each decadal category, with the exception of 1970s, 
was dry for > 8 months, and all rural wetlands were dry for > 10 months during the study 
year (Table 3).  Water levels measured at the center of urban wetlands in this study were 
significantly positively correlated with rainfall during the previous month (rs = 0.817, p = 
0.001, N = 13), while no significant relationship was noted for rural wetlands (p > 0.065). 
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The hydroperiod of rural wetlands was on average much shorter than any urban 
decadal category during the study, and in 2009, all rural wetlands remained dry.  Though 
not addressed in this study, these rural wetlands were within a drawdown zone of 
groundwater wellfields; therefore, a brief hydroperiod in 2008 and failure to hold water in 
the wet season of 2009 may have been the combination of regional drought conditions 
along with a lowered surficial aquifer.  Rainfall from May – August 2009 was above 
average for Hillsborough County, and all wetlands held water except for the 4 rural sites 
that remained dry even at their deepest point.  In 2009, the herbaceous plant Eupatorium 
capillifolium was extensively colonizing the deepest points of all rural wetlands; the 
sudden appearance of this facultative species in deep areas of marshes often follows 
prolonged periods of low water (Haag et al., 2005).     
Physical/Chemical 
Conductivity was significantly higher in all urban sites (p = 0.01), regardless of 
age of development, than rural sites (Figure 4).  It was higher at progressively older 
decade categories, but the trend was not significant (p > 0.05).  Values ranged from 99 - 
646 µS/cm at urban sites and 66 – 83 µS/cm at rural sites.  The 2000s decadal category 
was represented by only two wetlands with highly different hydroperiods (Table 2); 
therefore, there is more variance for this category than others (Figure 4).  A significant 
positive relationship was found between area of urban land use within 200 m of wetlands 
and both conductivity (rs = 0.68, p = 0.011, N = 13) and pH (rs = 0.65, p = 0.015, N = 
13).  Increased pH and conductivity at urban sites are likely related to reduced forest 
cover and increased impervious surfaces (Simon et al., 2009).  Dissolved oxygen and 
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water temperature did not show a significant trend among decadal wetland groups and 
ranged from 0.2 – 7.7 ppm, and 9 – 27 C, respectively.   
 
Figure 4. Wetland mean conductivity by development decade. 
Vegetation 
A total of 5,475 trees ≥ 8 cm DBH were measured during the study.  Taxodium 
ascendens comprised 52% of all trees, and 80 % of total basal area for all sites.   
Taxa richness was greatest at rural sites (16 species), once exotic species were excluded  
 
from the total, and the native species Fraxinus caroliniana, Liquidambar styraciflua,  
 
Serenoa repens, Sabal palmetto, and Diospyros virginiana occurred only at rural sites  
 
(Table 4).    
 
 
 
 19 
Table 4. Tree species presence by wetland decade. *Exotic Species 
 
Species 1970s 1980s 1990s 2000s Rural 
Taxodium ascendens ■ ■ ■ ■ ■ 
)yssa slyvatica var. biflora ■ ■ ■ ■ ■ 
Fraxinus caroliniana         ■ 
Acer rubrum ■ ■ ■ ■ ■ 
Gleditsia aquatica ■ ■     ■ 
Quercus laurifolia ■ ■ ■ ■ ■ 
Ilex cassine ■ ■ ■ ■ ■ 
Pinus elliottii ■       ■ 
Myrica cerifera ■ ■ ■ ■ ■ 
Ulmus americana ■       ■ 
Persea palustris ■ ■ ■ ■ ■ 
Cephalanthus occidentalis ■ ■ ■ ■ ■ 
Magnolia virginiana   ■ ■ ■   
Sapium sebiferum* ■ ■       
Sambucus canadensis ■ ■       
Lantana camara*   ■       
Baccharis halimifolia ■ ■       
Salix caroliniana ■ ■ ■ ■   
Liquidambar styraciflua         ■ 
Serenoa repens         ■ 
Sabal palmetto         ■ 
Ludwigia grandiflora ■         
Schinus terebinthifolius* ■         
Diospyros virginiana         ■ 
Total Richness 16 16 10 10 16 
Richness without exotics 14 14 10 10 16 
 
Absence of fire at urban domes likely increased abundance of fire intolerant 
native species such as Salix caroliniana, whereas tolerant species such as Serenoa repens 
and Sabal palmetto were favored at rural sites.  Presence/absence of other native plant 
species at urban wetlands may be related to loss of historical zonation within the wetland 
or past land uses at the site not addressed in this study.  For example, Liquidambar 
styraciflua is found near the periphery of cypress domes at the upland transition, whereas 
S. caroliniana is more characteristic of deep water zones near the center, where it was 
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very common at one wetland surrounded by development (GPI Southeast, Inc., 2008).  
Increased exotic plant species such as Lantana camara,  Schinus terebinthifolius, and 
Sapium sebiferum have been correlated with increased residential development (Cutway 
and Ehrenfeld, 2009).   Exotic plant species were most abundant at 1970s sites, and there 
was no significant difference found in their distribution within wetlands.  Exotic nursery 
plants were present in all 1970s cypress domes, and at one site, it was clear that live 
ornamental plants were being disposed as waste.   
Changes in tree guilds appear to be quantifiable after 30-40 years of exposure to 
urbanization.  In the 1970s sites, the relative abundance of facultative wet plants was 
greater than obligate plants (Figure 5) mainly due to encroachment of Acer rubrum.  As 
part of the SWFMD Wetland Assessment Procedure, used in Tampa to describe change 
in wetland hydrology over time, this species is generally occurring outside the deep zone 
near the center of the wetland; however, evidence for its use as an indicator of wetland 
hydrology is lacking (GPI Southeast, Inc., 2008).   
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Figure 5.  Relative density of obligate wet (OBL) versus  
facultative wet (FACW) plants by wetland decade. 
 
Changes in relative abundance of FDEP wetland indicator groupings such as 
facultative wet (FACW) and obligate (OBL) (Figure 5) are generally not cited as precise 
measures of wetland hydrology.  In this study, however, percent abundance of FACW 
trees at 1970s wetlands relative to rural sites was significantly higher ( p = 0.05), and at 
cypress domes surrounded by urban development built prior to the 1970s, differences in 
this parameter might be more pronounced, although not quantified. 
Altered hydroperiod and fire suppression are possible causes of vegetation change 
in these cypress domes.  Mixed hardwoods are able to encroach into cypress domes 
protected from fire (Myers and Ewel, 1990).  Both T. ascendens and ). sylvatica var. 
biflora require dry periods to germinate, and the lengthened hydroperiod at urban sites 
may be limiting germination (Myers and Ewel, 1990, Table 5).  
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Table 5. Mean number of Taxodium and Nyssa per ha with  
standard deviation (σ) by decadal category. 
 
  T. ascendens σ ). sylvatica var. biflora σ 
Rural 459 373 50 22 
2000s 681 50 84 119 
1990s 770 255 87 72 
1980s 833 185 246 173 
1970s 298 189 4 4 
 
 
Protection of cypress swamps from fire can increase organic matter  
 
accumulation and decrease water level, resulting in establishment of fire  
 
intolerant species and more mesic species of bay swamps.  As depth of organic  
 
matter of cypress domes increases, density of cypress can be lower and size  
 
of the largest individual greater (Casey and Ewel, 2006).  In addition, seedlings and  
 
saplings of pond cypress are more often on shallow organic matter that would be  
 
due to the typical dry down of natural hydroperiod cypress domes (Casey and Ewel,  
 
2006). The 1970s study sites showed increased hardwood species (Table 6) and  
 
decreased cypress density but increased size (Table 7) that are indicative of  
 
accumulation of organic matter, possibly due to fire suppression.  Lee et al. (2009) found  
 
mean density of cypress trees in natural wetlands was ≥ 25 % greater, while mean  
 
diameter was lower, than at augmented sites or those impaired by groundwater  
 
withdrawal.  The cumulative effect of years of failed seed germination and/or seedling  
 
survival is the presumed cause of increased mean tree size but lower density at 1970s  
 
sites (Table 7). 
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Table 6. Density per ha and total DBH per ha of Acer rubrum by site. 
 
Site Name Acer rubrum Total DBH (cm) 
   
70.9 297 3,103 
70.8 220 2,071 
70.1 73 630 
80.13 74 624 
80.17 87 596 
80.7 14 90 
90.1 4 70 
90.12 25 30 
90.13 0 0 
90.14 26 312 
2000.5 16 207 
2000.6 16 195 
Rural 3 32 385 
Rural 4 18 328 
Rural 5 49 680 
Rural 6 17 155 
 
Table 7.  Maximum and mean cypress size with standard  
deviation (σ ) by wetland decade. 
 
  Mean σ Max 
Rural 28 12 87 
2000s 18 0.4 64 
1990s 15 4.7 54 
1980s 17 1.2 55 
1970s 35 5.4 75 
 
On average, numbers of snags increased from wetland center to edge for all sites 
(Figure 6); however, the trend was not significant (chi square = 14.4, 
df = 9, p > 0.1, N =16).  There was no significant difference in the number of fallen trees 
per transect area (p > 0.17) or mean snag size (p > 0.07) among decadal categories.  
Groundwater pumping may have caused elevated tree fall at rural sites in this study, 
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making differences with urban sites non-significant.  For example, Lee et al. (2009) 
found that the number of fallen trees was substantially lower in natural wetlands than 
those affected by groundwater withdrawal.    
 
 
Figure 6.  Tree fall for all sites from wetland center to edge.  
 
To examine differences in the number of young trees among decadal categories, 
only cypress ≤ 15 cm DBH were considered.  For all sites, the number of young cypress 
per transect area was not significantly different among decadal categories (p > 0.09) nor 
between rural sites and urban sites (p > 0.25).  Overall, the number of cypress ≤ 15 cm 
DBH was lowest at 1970s sites (Table 8) and at rural sites with the exception of Rural 6.  
Cypress can only germinate on dry land, but regeneration also depends on prolonged 
flooding, followed by a sequence of dry periods and moderate flooding that is unlikely to 
occur at wetlands impaired by groundwater withdrawal (Lee et al., 2009).  Impact of 
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groundwater withdrawal on the hydroperiod of rural sites is the presumed reason for low 
numbers of young cypress at these sites. 
Table 8.  Number of cypress ≤ 15 cm DBH per area by development decade. 
Site Site Young Cypress per  
Age Name Transect Area (ha) 
1970s 70.1 73 
 70.9 7 
 70.8 12 
 Mean 30.7 
1980s 80.7 250 
 80.13 550 
 80.17 435 
 Mean 411.7 
1990s 90.1 290 
 90.12 570 
 90.13 730 
 90.14 190 
 Mean 445 
2000s 2000.5 360 
 2000.6 375 
 Mean 367.5 
Rural Rural 3 87 
 Rural 4 61 
 Rural 5 7 
 Rural 6 520 
 Mean 168.8 
 
A two lane highway ran along the northern edge of site Rural 6, and a recent fire 
break was cut between the road and the wetland, which may explain the increase in 
cypress ≤ 15 cm at this site.  The effect of these two factors at site Rural 6 may 
additionally explain why the number of cypress ≤ 15 cm DBH per m
2
 of transect was 
over twice as high in the northern (toward the road and firebreak) versus southern 
direction.  
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Anurans 
 
Thirteen species of anurans were detected during the study using PVC  
 
refugia, auditory calls, or pitfalls (Table 9).   
 
Table 9. Anuran species present at rural versus urban categories. 
Common Name Scientific Name Urban Rural 
Florida cricket frog Acris gryllus dorsalis ■ ■ 
Oak toad Anaxyrus quercicus   ■ 
Southern toad Bufo terrestris ■ ■ 
Greenhouse frog Eleutherodactylus planirostris ■ ■ 
Eastern narrowmouth toad Gastrophryne carolinensis ■ ■ 
Green treefrog Hyla cinerea ■ ■ 
Pinewoods treefrog Hyla femoralis      ■ ■ 
Squirrel treefrog Hyla squirella ■   
Cuban treefrog Osteopilus septentrionalis ■ ■ 
Little grass frog Pseudacris ocularis ■ ■ 
Pig frog Rana grylio ■ ■ 
Southern leopard frog Rana utricularia ■ ■ 
Eastern spadefoot toad Scaphiopus holbrookii    ■ 
   Total 11 12 
 
A total of 897 treefrogs were collected from PVC pipes between July 2008 and 
July 2009 (Table 10).   All treefrog species were captured using PVC pipes, and toad 
species other than Anaxyrus quercicus, which was only recorded by calls, were captured 
using pitfalls.  Presence of other anurans in Table 9 was recorded by calls and was often 
supported by sightings during monthly sampling.  Cuban treefrogs (Osteopilus 
septentrionalis) made up 75% of total captures and was the only species recorded at all 
16 sites.   Green treefrogs (Hyla cinerea) comprised 20% of total captures.   
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Table 10.  Total treefrog captures using PVC pipes for each site during the study. 
SITE O. Septenrionalis H. cinerea H. squirella H. femoralis 
70.1 3 19 21 - 
70.8 32 1 - - 
70.9 6 - - - 
80.13 52 18 1 - 
80.17 20 15 - - 
80.7 58 - - - 
90.1 125 3 - - 
90.12 26 51 5 3 
90.13 83 14 - - 
90.14 91 27 - - 
2000.5 6 15 12 - 
2000.6 66 11 - - 
Rural 3 26 - - 2 
Rural 4 39 - - 1 
Rural 5 10 5 - 2 
Rural 6 13 - - 6 
 
Relative treefrog abundances were compared using Spearman’s Rank Correlation 
Coefficient. O. septentrionalis (Figure 7) and H. cinerea abundances were both 
significantly correlated, respectively, to decade of construction (rs = -0.38, p <0.001 and 
rs = -0.20, p = 0.017) and area of development within 200 m (rs = 0.23, p = 0.008 and rs 
= 0.25, p = 0.004).  One explanation for increased treefrog captures at urban sites in 
Tampa suggested by Piacenza (2008) is that pipes are more attractive due to lack of 
natural refugia or differences in vegetation.  In urban cypress domes, anurans dependent 
on uplands, when not breeding, would be forced to remain instead within the wetland, 
while at rural sites, they could also use terrestrial refugia within 200 m interchangeably.  
If such concentration effects do occur at urban sites, then low treefrog captures at rural 
sites may be misleading.   
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Most anurans found in this study are philopatric and breed where they are born 
(Surdick, 2005); therefore, in addition to direct habitat loss, dispersal limitation by urban 
land use coupled with environmental stochasticity (freezes, drought) over time may 
explain decreased abundances at progressively older decadal categories where 
recolonization is hampered.  Such temporal isolation effects can appear as lags in wetland 
anuran diversity loss following urban development (Findlay and Bourdages, 2000); 
however, in this study, most species sensitive to urban land use were absent from all 
urban sites.  The large decrease in surrounding natural habitat at all urban categories 
relative to rural sites (Table 2) may be too great to observe a gradient of sensitive species 
loss between decadal categories, particularly since such species generally depend on 
uplands and breed at fish free sites. 
 
Figure 7.  Number of O. septentrionalis by wetland decade. 
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Total treefrog capture was in part dependent on site water level (rs = - 0.23, p = 
0.009) indicating increased need to seek refugia during dry times and movement to water 
for breeding in the wet season.  Among rural sites, O. septentrionalis occurs at sites 
holding water longer (rs = 0.90, p = 0.05).  Squirrel treefrogs (Hyla squirella) occupied 
PVC refugia at the three urban sites where the number of O. septentrionalis captures was 
low (rs = 0.71, p = 0.002) except for site 80.13 where only a single individual H. 
squirella was captured (Figure 8).  Interestingly, these were the only three sites where the 
number of H. cinerea in PVC refugia exceeded O. septentrionalis.  The pinewoods 
treefrog (Hyla femoralis) occurred at all rural sites but at only one 1990s site, and it was 
not detected at sites developed prior to the 1990s.    
 
Figure 8.  Ratio of H. cinerea / O. septentrionalis versus H. squirella 
 30 
Urban land use within 200 m of wetland edge was a good predictor of O. 
septentrionalis abundance.  “High impact” residential area within each 200 m buffer was 
determined from FWCC’s land use shapefile, and was divided by the wetland size for 
each study site.  The combined residential/wetland size ratio correlated with O. 
septentrionalis abundance (rs = 0.71, p = 0.003, Figure 9).  Unlike O. septentrionalis, 
high impact residential within 200 m from wetland edge was not a good predictor of H. 
cinerea abundance.  Site 90.12 stood out from other 1990s sites in having consistently 
few O. septentrionalis and was omitted from this analysis because it contained a large 
area of marsh.  This site was also the only urban site to have H.  femoralis, and it also had 
the largest number of H. cinerea.  A pronounced ring of emergent marsh within site 90.12 
created a central island of cypress surrounded by marsh, surrounded by cypress, and it 
may be the combination of buffer value and increased heterogeneity provided from the 
marsh zone that contributes to high abundance of native frogs at such a site surrounded 
by development.  In contrast to forested wetlands, marshes have increased light 
availability at their surface, increasing both algal growth and water temperature to 
provide a larval habitat that may be more favorable than cypress domes for H. cinerea, H. 
squirella, and H. femoralis (Liner et al., 2008).  Therefore, a combination of marsh and 
cypress dome in such proximity may confer advantages for both larval and adult stages.  
In addition, increased light intensity may stress O. septentrionalis, which is prone to 
desiccation.  In South Florida, for example, marsh was one of the few habitats where O. 
septentrionalis abundance was lower than H. cinerea or H. squirella (Meshaka, 2001).   
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Figure 9.  O. septentrionalis versus urban impact. 
 
 
  H. femoralis was detected at all rural sites but at only one urban site, suggesting 
a quick response to urban development.  Pitfall sampling showed that Eastern spadefoot 
toad (Scaphiopus holbrookii) can also occur primarily only at rural sites (Table 13), 
consistent with previous studies at nearby sites (Delis et al., 1996).  This species is unable 
to burrow in sod and impervious substrates of urban areas (Jansen et al., 2001). 
O. septentrionalis abundance is greatest in cypress domes within urban 
developments dating to the 1990s (Figure 7).  Arrival of O. septentrionalis in Tampa in 
the 1990s offers one possible explanation for this trend.  The sudden change in regional 
disturbance regime due to construction and the simultaneous arrival of an exotic species 
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adapted to exploit that disturbance may have set the stage for O. septentrionalis to reach 
its highest density (Weddell, 2002).   
It is clear from these results that although cypress domes throughout Tampa are 
inhabited and in some cases over run with an exotic species of treefrog, native species are 
not lost completely even at sites long isolated within the urban landscape.  Sites across all 
decades such as 90.12, 70.1, and 2000.5 show that O. septentrionalis has not yet 
overtaken the abundance of native treefrogs at all urban cypress domes.  These, however, 
show that low levels of O. septentrionalis increase use of PVC refuge by H. squirella.  
Most H. squirella captured in this study were approximately 3 cm, a body size that would 
leave them highly vulnerable to predation by O. septentrionalis.  H. cinerea by contrast 
were usually 6 cm or greater in body size and were observed using the same pipe refugia 
as O. septentrionalis at 80% of the 11 sites when it was encountered using PVC refugia.  
During the entire study, only a single H. squirella was captured in the same pipe as O. 
septentrionalis.  In contrast, H. squirella was captured in the same pipe as H. cinerea on 
five occasions and at 2/3 of the sites where it was present at > 1 individual.  Bartarean 
(2004) found a significant negative correlation between presence of O. septentrionalis 
and H. squirella using PVC pipes and no correlation between O. septentrionalis and H. 
cinerea.  H. cinerea and H. squirella may prefer to occupy PVC refugia nearer buildings 
(Zacharow et al., 2003), and this study confirms that both species can persist at wetlands 
in areas developed for over 30 years.  However, recent addition of competition and 
predation by O. septentrionalis since the 1990s may cause both native species to become 
less abundant. For example, tadpole rearing experiments have shown that whenever O. 
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septentrionalis breeds first, it negatively affects survivability of H. squirella because the 
exotic tadpoles are then even larger than natives (Knight et al., 2009).   
PVC sampling suggested that adult stages of H. squirella may be vulnerable to O. 
septentrionalis, but it is unknown whether it is avoiding refugia occupied by the exotic 
anuran or being consumed.  Wetland 90.1, for example, had the highest numbers of O. 
septentrionalis consistently each month until a series of below freezing nights occurred.  
During January, two consecutive days with low temperatures in the -6 to -1 C range 
caused 50% mortality of O. septentrionalis using pipes (one half the individuals found 
upon inspection had died).   It was only after this die off that a single H. cinerea was 
captured at this site during the next visit.  Six months after the freeze, O. septentrionalis 
captures at 90.1 still had not returned to their pre-freeze occupancy (Table 11), when it 
was not uncommon to find five or six individuals per pipe. 
Table 11. Change in O. septentrionalis capture during a freeze.  
Treefrog captures at site 90.1 before (bold) and after freeze (italic). 
 
  Sept Oct Nov Dec Jan Feb Mar Apr May Jun July 
O. septentrionalis  7 20 15 19 18 6 7 5 10 9 9 
H. cinerea  0 0 0 0 0 1 1 0 0 1 0 
 
Auditory call monitoring confirmed that urban sites are dominated by O. 
septentrionalis (Table 12).  Most urban sites had full choruses of O. septentrionalis at 
some point during the rainy season.  Rural sites, however, were dominated by the full 
choruses of H. femoralis.  O. septentrionalis abundance was greater than native species at 
both rural and urban sites, while H. femoralis was found at rural sites.  These results are 
consistent with previous PVC refuge studies of the two species at Tampa wetlands 
(Piacenza, 2008).   H. squirella called from wetlands where it was detected in PVC pipes.  
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It reached an active chorus of several individuals only at site 70.1, where PVC captures 
were highest; at other sites it occurred as a single calling individual.  The low pH of rural 
study sites may be excluding H. squirella from some sites, as 50% of its tadpoles do not 
hatch at pH 4.3, while giving a competitive edge to H. femoralis, which successfully 
hatches >50% of its eggs at pH as low as 3.3 (Warner and Dunson, 1998). 
Table 12. Auditory calls for select sites. 
 Peak number of calling individuals recorded during study year. 
 
  O. septentrionalis H. femoralis 
Rural 4 1 >50 
Rural 6 >2 >50 
70.1 >10 0 
70.8 >10 0 
70.9 >10 0 
80.13 >50 0 
80.17 >50 0 
90.12 >10 1 
90.13 >50 0 
90.14 >50 0 
 
Peak calling occurred in early July.  Other species recorded during call surveys  
or captured in pitfalls, and not listed in Table 12, were Bufo terrestris, Acris gryllus 
dorsalis, Hyla cinerea, Pseudacris ocularis, Gastrophryne carolinensis, Rana grylio, 
Rana utricularia, and Eleutherodactylus planirostris.  All were heard or seen at both 
rural and urban cypress domes. A single individual of P. ocularis was captured at site 
Rural 6 via PVC refuge, and several S. holbrookii were captured at site Rural 5 in pitfalls.  
A. quercicus called only at rural wetlands.  Therefore, despite failure to detect H. 
squirella at rural sites, total species richness for amphibians was greater at rural sites (12 
species) than urban sites (11 species).  Rural sites were not wet enough in 2009 to 
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conduct call surveys, and two rural sites were dry during the previous wet season of 
2008.  One advantage of using PVC capture for treefrogs is that some sites did not hold 
water in both wet seasons, and calls were very low to none, yet species were found using 
PVC refugia.   
Pitfall sampling at urban cypress domes was made difficult by lack of terrestrial 
habitat beyond the wetland edge. In most cases, pitfalls were placed behind rows of 
ornamental plants or within the 2 m of sod between wetland and sidewalk - only to be 
flooded later or destroyed by landscaping equipment.  At some urban sites, there was no 
available area to place a pitfall, and other prospective pitfall sites were flooded by water 
since urban sites tended to fill quickly to the wetland edge following rainfall.  However, 
during the three month period when pitfalls at a subset of study sites were visited, toad 
captures were consistent following rain (Table 13).  Sites Rural 5 and 2000.6 were both 
dry during pitfall sampling from 15 April – 5 June and were visited 13 and 11 times, 
respectively. The lack of toad captures at 2000.6 may be due to combination of loss of 
upland and inability of the site to hold water. 
Table 13. Pitfall captures for select sites.  
Number of toads per visit by site captured using pitfall methods.  
 
  Rural 6 Rural 3 Rural 5 2000.6 90.1 80.17 80.13 70.8 70.1 
B. terrestris 0.67 0.69 0 0 1 0 0.25 0 0 
G. carolinensis 0 0.54 0.23 0 0 0.33 0.17 0.14 2.5 
S. holobrooki 0 0 0.23 0 0 0 0 0 0 
 
In a study of 111 cypress domes throughout Florida, Surdick (2005) found that G. 
carolinensis and B. terrestris were tolerant of forested wetlands within agricultural and 
urban land uses, respectively, and felt neither was an indicator of isolated wetlands within 
natural uplands.   
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Given the reported tolerance of H. cinerea and H. squirella to urban areas and the 
results of this study, use of these two native species as indicators of natural cypress dome 
condition may be limited, particularly during drought.  Brief hydroperiods at rural sites 
during the study likely caused emigration of native treefrog species to nearby swamps 
where water was held longer and where H. cinerea was heard in full choruses while rural 
sites remained dry.    
Summary and Conclusions 
Drought conditions during the study were most evident at rural sites, likely due to 
low local rainfall totals and/or groundwater pumping from nearby well fields; although 
the relative contribution of either was not known.  Decreased hydroperiod biased direct 
comparison to nearby urban cypress domes.  In addition, if anurans use surrounding 
uplands interchangeably at rural sites, while in urban areas the study site makes up a 
larger proportion of the available natural habitat, then low abundance within rural sites 
during the study may be even more misleading.  On the other hand, during normal 
rainfall years, urban domes may have permanent hydroperiods, and dispersal barriers 
could limit recruitment to the population.   
Decreased abundance of O. septentrionalis, a newly arrived species, at 
progressively older decadal categories using both call surveys and PVC capture provides 
evidence that dispersal in highly urbanized areas is limited.  Species dependent on intact 
uplands such as H. femoralis would benefit from preserving some buffer or threshold of 
natural habitat surrounding cypress domes.   
Semlitsch and Bodie (2003) in a literature review found 200 m to be the minimum 
buffer size for anurans, and it is clear that terrestrial habitat surrounding wetlands is 
 37 
critical for many semiaquatic species.  The maximum number of homes within 200 m in 
this study was 180 at site 70.8; however, buffer sizes were not examined directly.  
Current rules in Hillsborough County require a 9 m buffer around wetlands from 
development; although Environmental Protection Commission of Hillsborough, County 
(2006) recommends minimum buffers be increased to 15 m to improve wetland 
protection.  Benefit to anurans was not addressed and such increases have not yet been 
passed.     
Lengthened hydroperiod and fire exclusion at urban cypress domes are likely 
factors for increased hardwood species such as A. rubrum and increased mean size of T. 
ascendens.  Loss of fire increases competition, while altered hydroperiod affects 
germination of characteristic dome trees such as T. ascendens and ). sylvatica var. 
biflora.  Non-significant differences in numbers of snags between urban and rural 
categories may be attributed to altered hydroperiod, which at rural sites, includes 
extended dry periods that cause subsidence and oxidation of wetland soil and sometimes 
tree fall.  Increased tree fall at domes highly impacted by groundwater withdrawal is well 
documented in Florida by SWFWMD (Rochow, 1991).     
Long term changes in tree composition offer management implications for these 
systems.  Geographically isolated wetlands are no longer protected under federal 
legislation because they do not connect to navigable waters.  State legislation for wetland 
protection allows exemptions for most agricultural or silvicultural activities provided they 
do not convert wetland to upland.  In Florida, non-riverine forested swamps are those 
dominated by T. ascendens and ). sylvatica var. biflora and are considered generally 
undisturbed by human activities; however, “those dominated by red maple (Acer 
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rubrum), sweetgum (Liquidambar styraciflua), or loblolly pine (Pinus taeda) are not 
considered to be of high quality and do not require a permit” (Florida Forest Stewardship, 
2006). 
Results of this study indicate that priority should be to preserve wetlands with 
diverse hydroperiods that support different anuran assemblages and that species 
composition is a better indicator of biotic condition than richness alone.  Managers can 
expect decreased anuran diversity and abundance at wetlands long incorporated into 
urban surroundings.  There is increasing evidence that use of the terms sensitive and 
tolerant to describe response of certain anurans to urbanization is valid (Surdick, 2005) 
and that landscape level analyses that essentially measure degree of urbanization and/or 
upland loss can be reliable predictors of amphibian richness.  Despite the need to 
preserve not just wetlands but also uplands to maintain anuran composition seen at 
natural sites, these results suggest that urban cypress domes can serve as both breeding 
and core habitat for species that are able to tolerate land use changes.   
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